Introduction
Mining lakes are within the focus oflirnnological and public interest in many countries because they have unusal mineral content and can comprise a great portion of standing waters in certain areas. Due to pyrite oxidation, many mining lakes are extremely acidic and therefore differ considerably from natural circumneutral lakes in their chemical and biological characteristics (GELLER et al. 1998 , LESSMANN & NIXDORF 2000 .
In central Europe deep lakes are usually regarded as dimictic. A presupposition for stable winter stagnation is the formation of ice cover, which depends on the duration of the frost period. Within the last ten years central Europe has seen several mild winters that inhibited the formation of a long-lasting ice cover and thus the occurrence of a stable winter stagnation.
The importance of occurrence and duration of winter ice cover and winter stagnation for the phytoplankton development is shown by the example of Mining Lake ( Key words: phytoplankton, winter stagnation, acidic mining lake, inorganic carbon, total phosphorus
Study site
Since the end of the 19 th century, the Lusatian region around Cottbus has been one of the most important opencast lignite mining areas in Germany. Mining Lake Plessa 117 (Brandenburg, Germany) is about 35 years old. With an area of 0.95 X 10 6 m 2 , a volume of 5.7 X 10 6 m 3 and a maximum and mean depth of 14.4m and 6m, the lake belongs to the medium-sized mining lakes of the Lusatian mining district. The lake is mainly fed by groundwater inflow (73% of total inflow; HOFMANN & LESSMANN 2006) . Its main chemical features are a pH around 3 with a moderate acidity (Ks4.3: -1.8 mmol/l), and sulphate, calcium and iron as the most important ions (mean conductivity: 1000 MS/cm). According to mean phosphorus and chlorophyll-a concentrations, the lake can be classified as oligotrophic.
Materials and methods
Since 1995, Lake Plessa 117 has been investigated within a monitoring programme using a standard sampling frequency of2-8 weeks. Programme measurements included depth profiles of water temperature, oxygen concentrations, pH and conductivity with a multi-parameter probe (HYDROLAB H20). A fluorescence probe (HAARDT Backscat) was used for measuring depth profiles of chlorophyll-a concentrations. Samples for chemical and biological analyses were taken at the deepest point of the lake with a LIMNOS 2.0 I water sampler from mixed 0.5 m depth interval samples (surface-to-bottom vertical "profile" sampling during circulation periods and separate vertical epilirnnion and hypolirnnion sampling during summer stagnation phases). Samples for total inorganic carbon (TIC) analyses were restricted to the middle of each layer to prevent air contact. TIC concentrations were measured by infrared spectrometry (DIMATEC Dima-TOC lOO), and phosphate concentrations were determined spectrophotometrically (Perkin-Elmer Lambda) by standard German methods (DEV 1981 (DEV -2003 . Phytoplankton samples were fixed by Lugol's solution. For determination, counting and measurement the Utermohl method was used (UTERMOHL 1958).
Results and discussion
Ice cover and temperature stratification Konstanzer Online-Publikations-System (KOPS) URL: http://www.ub.uni-konstanz.de/kops/volltexte/2008/4529/ URN: http://nbn-resolving.de/urn:nbn:de:bsz:352-opus-45290 ously in the negative range from the middle of December to the end of February. Night frost regularly occurred until April. As a consequence, during winter 200112002, the lake was covered by a thin ice layer only in January for about two weeks, while during the strong winter 2002/2003 a long-lasting ice cover occurred from the beginning of December until the end of March. The ice reached a thickness of up to 25 cm.
Due to the long-lasting ice cover during winter 200212003, inverse temperature stratification was observed, which was stabilized by the inflow of groundwater into the deepest parts of the lake. In contrast, during winter 200112002 no temperature stratification occurred.
Nutrient concentrations
Total phosphorus concentrations with a mean value of 8 IJ.g/1 (1996-2003) and 10 IJ.g/l (2001) (2002) (2003) were relatively stable during the years of investigation. Values up to 18 IJ.g/1 in the hypolimnion during summer stagnation showed that the deepest parts of the lake had clearly higher phosphorus concentrations than the rest of the lake. Phosphorus concentrations in the surrounding groundwater reached 100-240 IJ.g/l and seepage concentrations exceeded the concentrations in the lake several times (HoFMANN & LESSMANN 2006 ). Dissolved inorganic phosphorus (DIP) concentrations remained low, only 3 IJ.g/l, during both winters. This low phosphorus level supports the argument for efficient uptake of phosphorus by organisms.
Another crucial variable for primary production was the concentration of inorganic carbon. During winter 2002/2003, measurement from the middle of the water column showed concentrations mainly = 1 mg/l, interrupted by a shortterm decrease to 0.5-0.6 mg/l, which may be due to intensive algae uptake.
Low pH and absence of the carbonate buffering system limited inorganic carbon occurrence to carbon dioxide, which strived to reach equilibrium with the low atmosphere concentrations. Therefore, high inorganic carbon concentrations could only be found in the hypolimnion of summer stagnation and during winter under ice cover. The main sources of inorganic carbon were the carbon-dioxide-rich groundwater and decomposition processes.
Therefore, in acidic mining lakes the seasonal succession of phytoplankton is first determined by availability of inorganic carbon (TIC) and by phosphorus concentrations (LEssMANN & NIXDORF 2002 , BEULKER et al. 2003 . Grazing zooplankton are able to influence phytoplankton development only for some time during summer (DENEKE et al. 2002 , BEULKER et al. 2004 ).
Chlorophyll-a concentrations
The temporal development of the mean chlorophyll-a concentrations in the water column Occurrence of the short-lasting ice cover in January 2002 enabled the phytoplankton to also colonize the upper water body. Nevertheless, the highest chlorophyll-a concentrations occurred in the nutrient-rich zones close to the lake bottom. During winter 2002/2003, a rapid increase in chlorophyll-a concentrations was observed immediately after the formation of an ice cover in December 2002. One month later, after a short time decrease, the concentrations reached their highest values close to the bottom, as in the mild winter before.
The distribution of chlorophyll-a concentrations of both winters clearly illustrated the high importance of the nutrient supply of the phytoplankton by groundwater sources, which mainly flow into the deepest parts of the lake. The longer the period of temperature stratification associated with the stratification of TIC and phosphorus, the higher the algae growth. ----r---r--------,,--,----- winters 1997/1998 and 1999/2000 led to ice cover that lasted about two weeks, winter 1998/1999 had a thin ice cover only twice, which lasted for only a few days. The consequences to phytoplankton development were obvious. The formation of a stable winter stagnation enabled a fast increase in phytoplankton growth, which in contrast to winter 2002/2003 was not preferably limited to the zones close to the bottom of the lake. Winter 1998/1999 also showed an increase in chlorophyll-a concentrations at a depth between 6 and 13 m, and was lower than during the other winters.
Winter algae communities
In all years, the winter algae commumtIes mainly consisted of three taxa: Chlamydomonas (Chlorophyceae), Ochromonas (Chrysophyceae) and Gymnodinium (Dinophyceae). With regard to biovolume, blooms in winters with a stable stagnation could mainly be attributed to Ochromonas (1997/1998 and 1999/2000) or to Gymnodinium (2001 Gymnodinium ( /2002 , and in the winter with the extremely short lasting stagnations mainly to Gymnodinium (1998/1999; Experiments have shown that primary production limitation in ML Plessa 117 is due to phosphorus as well as TIC concentrations with a threshold of 0.6 mg/I for TIC and 10 /lg/I for TP (BEULKER et al. 2002) . The phytoplankton development as it was observed in the lake seemed to be mainly controlled by these two nutrients; however, both Ochromonas and Gymnodinium are photoautotrophic and bactenovorous.
Conclusions
Due to the increasing number ofmild winters in central Europe with a sequence of short frost periods, the formation of long-lasting ice covers, which are a presupposition for stable winter stagnation, is decreasing.
-During winter, the phytoplankton development in acidic mining lakes is determined by the occurrence of a winter stagnation and its duration.
-Main source of nutrients for phytoplankton growth is the groundwater inflow. A stable stagnation phase leads to gradients in nutrient and chlorophylla concentrations in the water column. The ice cover prevents loss of inorganic carbon to the atmosphere.
-Only the formation of a winter stagnation lasting for longer than about one week enables the occurrence of algae blooms.
-The phytoplankton of the winter algae blooms is dominated by Ochromonas sp. (Chrysophyceae) or Gymnodinium sp. (Dinophyceae).
